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Abstract
In order to construct a massive tensor theory with a smooth massless
limit, we apply the Batalin-Fradkin algorithm to the ordinary massive tensor
theory. By introducing an auxiliary vector field all second-class constraints
are converted into first-class ones. We find a gauge-fixing condition which
produces a massive tensor theory of desirable property.
1 Introduction
The purpose of the present paper is to construct a massive tensor field theory with
a smooth massless limit. For a massive vector field it has been known the Stueck-
elberg formalism has a smooth massless limit. For a massive tensor field Fronsdal
and Heidenreich (FH) succeeded in constructing such a theory.1) Based on the La-
grangian formalism, they removed massless singularities from all two-point functions
by introducing two kinds of auxiliary fields with spin-1 and 0. In the present paper
we take a different way from FH for the same purpose. Our method based on the
Hamiltonian formalism is more systematic than FH’s.
We apply the Batalin-Fradkin (BF) algorithm2),3) to the ordinary massive tensor
theory. By introducing only a spin-1 auxiliary field (BF field), contrary to the
case of FH, we convert the original second-class constrained system into a first-
class one. To the resulting gauge-invariant system two kinds of gauge-fixings are
imposed. One is unitary gauge-fixing that eliminates the BF field from the system
to recover the original massive tensor theory. The other is massless-regular gauge-
fixing that leads to a theory with a smooth massless limit. Based on the Hamiltonian
formalism, however, our formulation is non-covariant from the beginning. We have
not succeeded in getting final results in covariant form yet. In this regard we are
below FH, while the number of auxiliary fields introduced here is smaller than in
FH. To get some covariant expressions is to be left for future studies.
In §2, following Igarashi,4) we review the case of a massive vector field. This
is to see how the Stueckelberg formalism follows from applying BF algorithm to a
massive vector theory. Section 3 treats the usual canonical formalism of a massless
tensor field. The canonical formalism of a massive tensor field is presented in §4. In
§5 BF algorithm is applied to this system. By introducing an auxiliary vector field,
the original second-class constrained system is converted into a first-class one. In §6
two kinds of gauge-fixings, unitary one and massless-regular one, are investigated. It
is shown that the former recovers the original system, while the latter gives a system
with a smooth massless limit. Section 7 is devoted to summary and discussion.
2 Massive vector field
A massive vector field is described by the Lagrangian †
L[A] = −
1
4
FµνF
µν −
m2
2
AµA
µ, (1)
where
Fµν
d
≡ ∂µAν − ∂νAµ. (2)
This system has a primary constraint
ϕ1
d
≡ pi0 ≈ 0 (3a)
† In the present paper Greek indices run 0 − 3, while Latin indices 1 − 3. The metric is
η
µν
d
≡ (−1,+1,+1,+1).
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and a secondary constraint
ϕ2
d
≡ ∂ipi
i +m2A0 ≈ 0, (3b)
where piµ are momenta conjugate to Aµ. The Poisson bracket between the con-
straints
[ϕ1(x), ϕ2(x
′)] = −m2δ3(x− x′) (4)
shows that the constraints are of the second class when the mass m is finite. The
Hamiltonian is calculated to be
H =
1
2
pii2 +
1
4
F 2ij +
m2
2
(A 20 + A
2
i ) + ∂
iAiϕ1 −A0ϕ2. (5)
The time developments of the constraints are
ϕ˙1 = [ϕ1, H ] = ϕ2,
ϕ˙2 = [ϕ2, H ] = ∂
2
i ϕ1.
(6)
In order to convert the above second-class constrained system into a first-class
one, we introduce a BF field θ and its conjugate momentum ω, modifying the con-
straints and Hamiltonian as follows:
ϕ˜1
d
≡ p˜i0 ≈ 0,
ϕ˜2
d
≡ ∂ipi
i +m2A˜0 ≈ 0;
(7)
H˜
d
≡
1
2
pii2 +
1
4
F˜ 2ij +
m2
2
(A˜ 20 + A˜
2
i ) + ∂
iA˜iϕ˜1 − A˜0ϕ˜2, (8)
where
A˜0
d
≡ A0 + θ,
A˜i
d
≡ Ai −
1
m2
∂iω,
p˜i0
d
≡ pi0 − ω.
(9)
The resulting system is in fact of the first class:
[ϕ˜1, ϕ˜2] = 0, (10)[
ϕ˜α, H˜
]
= 0. (α = 1, 2) (11)
Now we come to the gauge-fixings. The first choice is the ‘unitary gauge’:
χ1
d
≡ θ ≈ 0,
χ2
d
≡
1
m2
ω ≈ 0.
(12)
For this choice we get
[χα(x), ϕ˜β(x
′)] = −δαβ δ
3(x− x′). (13)
The path integral expression is given by
Z =
∫
DpiµDAµDωDθδ(χ
α)δ(ϕ˜α) exp i
∫
d4x
[
piµA˙µ + ωθ˙ − H˜
]
. (14)
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The variables pi0, θ and ω are integrated out, and the factor δ(∂ipi
i + m2A0) is
exponentiated to give
Z =
∫
DpiiDAiDA0Dλ
× exp i
∫
d4x
[
piiA˙i −
1
2
pii2 −
1
4
F 2ij −
m2
2
(A 2i + A
2
0 ) + λ(∂ipi
i +m2A0)
]
.
(15)
Integrating over the variables pii and A0 and overwriting A0 on λ, we obtain
Z =
∫
DAµ exp i
∫
d4x
[
−
1
4
FµνF
µν −
m2
2
AµA
µ
]
. (16)
This is nothing but the original system. That means the original system (1) can be
regarded as a gauge-fixed version of the extended gauge system (7) and (8)
Another gauge-fixing we consider is
χ1
d
≡ A0 ≈ 0,
χ2
d
≡ ∂iAi ≈ 0.
(17)
In this case we have
[χα(x), ϕ˜β(x
′)] =
(
δ3(x− x′)
−∂i∂
iδ3(x− x′)
)
. (18)
The path integral expression is
Z =
∫
DpiµDAµDωDθδ(χ
α)δ(ϕ˜α)
∏
t
DetM exp i
∫
d4x
[
piµA˙µ + ωθ˙ − H˜
]
, (19)
where
M
d
≡ ∂i∂
iδ3(x− x′). (20)
The integrations over pi0 and A0 and the exponentiation of the factor δ(∂ipi
i+m2θ)
are easily carried out:
Z =
∫
DpiiDAiDωDθDλδ(∂
iAi)
∏
t
DetM
× exp i
∫
d4x
[
piiA˙i + ωθ˙ −
1
2
pii2 −
1
4
F 2ij −
m2
2
(Ai −
1
m2
∂iω)
2
−
m2
2
θ2 + λ(∂ipi
i +m2θ)
]
. (21)
Integrating out pii and θ and writing A0 and ω over λ and
1
m2
ω respectively, we
obtain
Z =
∫
DAµDωδ(∂
iAi)
∏
t
DetM exp i
∫
d4xL[A, ω], (22)
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where
L[A, ω]
d
≡ −
1
4
FµνF
µν −
m2
2
(Aµ − ∂µω)
2. (23)
Note that the Lagrangian L[A, ω] is invariant under the gauge transformation with
an arbitrary function ε(x):
δAµ = ∂µε,
δω = ε.
(24)
Considering this fact, the factor
δ(∂iAi)
∏
t
DetM (25)
can be replaced by the covariant expression
δ(∂µAµ − f)DetN, (26)
where N is defined by
N
d
≡ ∂µ∂
µδ4(x− x′), (27)
and f is an arbitrary function of x. By using the Nakanishi-Lautrup (NL) field B
and the Faddeev-Popov (FP) ghosts (c, c¯), we can exponentiate the factor (26) to
get the final form of the path integral
Z =
∫
DAµDωDBDcDc¯
× exp i
∫
d4x
[
L[A, ω] +B(∂µAµ +
α
2
B) + ic¯∂µ∂
µc
]
, (28)
where α is an arbitrary constant, gauge parameter. The transformation to the
Stueckelberg formalism has been completed. The BF field ω is now identified with
the Stueckelberg field. The expression (28) has a smooth massless limit: when the
mass m tends to zero, the field ω becomes redundant and the expression (28) goes
to the usual one for the Abelian gauge theory
Z =
∫
DAµDBDcDc¯ exp i
∫
d4x
[
−
1
4
FµνF
µν +B(∂µAµ +
α
2
B) + ic¯∂µ∂
µc
]
. (29)
In this respect we call the gauge choice (17) ‘massless-regular gauge’.
3 Massless tensor field
The Lagrangian is
L[h,m = 0] = −
1
2
(∂λhµν∂
λhµν − ∂λh
µ
µ∂
λhνν) + ∂λhµν∂
νhµλ − ∂µh
µν∂νh
λ
λ. (30)
This system has two primary constraints
ϕ0
d
≡ pi0 + ∂mhm ≈ 0,
ϕm
d
≡ pim − ∂mh0 − ∂
mhnn ≈ 0,
(31a)
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and two secondary constraints
ϕ01
d
≡ ∂m∂
mhnn − ∂
m∂nhmn ≈ 0,
ϕm1
d
≡ ∂npi
mn + ∂m∂nhn ≈ 0,
(31b)
where pi0, pim and pimn are momenta conjugate to h0
d
≡ h00, hm
d
≡ h0m and hmn. The
Poisson brackets between these constraints ϕA
d
≡ (ϕ0, ϕm, ϕ01, ϕ
m
1 ) are[
ϕA(x), ϕB(x′)
]
= 0. (32)
The Hamiltonian is
H = H0(m = 0) + λAϕ
A, (33)
where H0(m = 0) is defined by
H0(m = 0)
d
≡
1
2
pimnpimn −
1
4
pimmpi
n
n + 2pi
mn∂mhn −
1
2
pimm∂
nhn
+2∂mhn∂
nhm −
3
4
∂mhm∂
nhn + ∂mh0∂
mhnn − ∂mh0∂nh
mn
+
1
2
(
∂lhmn∂
lhmn − ∂lh
m
m∂
lhnn
)
− ∂lhmn∂
nhml + ∂mh
mn∂nh
l
l,
(34)
and λA are arbitrary coefficients. The time developments of the constraints are
ϕ˙0 = [ϕ0, H ] = ϕ01,
ϕ˙m = [ϕm, H ] = 2ϕm1 ,
ϕ˙01 = [ϕ
0
1, H ] = −∂mϕ
m
1 ,
ϕ˙m1 = [ϕ
m
1 , H ] = 0.
(35)
Equations (32) and (35) show that this system is a first-class constrained system.
In order to make the constraints second-class, we impose the gauge-fixing condi-
tions χA
d
≡ (χ0, χm, χ10, χ1m):
χ0
d
≡ h0 ≈ 0,
χm
d
≡ hm ≈ 0,
χ10
d
≡ pimm ≈ 0,
χ1m
d
≡ ∂nhmn −
1
2
∂mh
n
n ≈ 0.
(36)
The path integral expression is
Z =
∫
Dpi0DpimDpimnDh0DhmDhmnδ(ϕ
A)δ(χA)
∏
t
DetM
× exp i
∫
d4x
[
pi0h˙0 + pi
mh˙m + pi
mnh˙mn −H
]
, (37)
where
M
d
≡ δβα∂m∂
mδ3(x− x′). (α, β = 0− 3) (38)
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The integrations over h0, hm, pi
0 and pim are easily carried out. The factors δ(∂m∂
mhnn−
∂m∂nhmn) and δ(∂npi
mn) are exponentiated by
δ(∂m∂
mhnn − ∂
m∂nhmn) =
∫
Dh0 exp i
∫
d4x [−∂mh0∂
mhnn + ∂mh0∂nh
mn] , (39)
δ(∂npi
mn) =
∫
Dhm exp i
∫
d4x [−pimn(∂mhn + ∂nhm)] . (40)
We further integrate over pimn to get
Z =
∫
Dh0DhmDhmnδ(∂
nhmn −
1
2
∂mh
n
n)
∏
t
DetM
× exp i
∫
d4x
[
L[h,m = 0] +
4
3
(∂mhm −
1
2
h˙mm)
2
]
. (41)
Considering the fact that the Lagrangian L[h,m = 0] is invariant (up to total
divergence) under the gauge transformation with four arbitrary functions εµ(x)
δhµν = ∂µεν + ∂νεµ, (42)
we can give various expressions to the generating functional Z. For example, for
‘Coulomb-like gauge’ we have
Z =
∫
Dh0DhmDhmnδ(∂
mhm −
1
2
h˙mm − f0)δ(∂
nhmn −
1
2
∂mh
n
n − fm)
∏
t
DetM
× exp i
∫
d4xL[h,m = 0] (43)
=
∫
Dh0DhmDhmnδ(∂
nhmn −
1
2
∂mh
n
n)
∏
t
DetM
× exp i
∫
d4x
[
L[h,m = 0] +
1
2α
(∂mhm −
1
2
h˙mm)
2
]
, (44)
where fµ(µ = 0 − 3) are arbitrary functions of x, and α is an arbitrary constant,
gauge parameter. The expression (41) is a special case of (44). The covariant
expressions are also obtained as follows:
Z =
∫
Dhµνδ(∂
νhµν −
1
2
∂µh
ν
ν − fµ)DetN exp i
∫
d4xL[h,m = 0] (45)
=
∫
DhµνDBµDcµDc¯
µ
× exp i
∫
d4x
[
L[h,m = 0] +Bµ(∂νhµν −
1
2
∂µh
ν
ν) +
α
2
BµBµ + ic¯
µ∂ν∂
νcµ
]
,
(46)
where N is defined by
N
d
≡ δβα∂µ∂
µδ(x− x′), (α, β = 0− 3) (47)
and NL field Bµ and FP ghosts (cµ, c¯
µ) have been introduced.
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4 Massive tensor field
A massive tensor field is described by the Lagrangian
L[h] = L[h,m = 0]−
m2
2
(hµνh
µν − hµµh
ν
ν). (48)
This system has the same primary constraints as (31a)
ϕ0
d
≡ pi0 + ∂mhm ≈ 0,
ϕm
d
≡ pim − ∂mh0 − ∂
mhnn ≈ 0,
(49a)
but the different secondary constraints from (31b)
ϕ01
d
≡ ∂m∂
mhnn − ∂
m∂nhmn −m
2hmm ≈ 0,
ϕm1
d
≡ ∂npi
mn + ∂m∂nhn +m
2hm ≈ 0,
ϕ02
d
≡ pimm + ∂
mhm ≈ 0.
(49b)
The Poisson brackets between these constraints are calculated as
[ϕm(x), ϕn1 (x
′)] = −m2ηmnδ3(x− x′),
[ϕm(x), ϕ02(x
′)] = −2∂mδ(x− x′),
[ϕ01(x), ϕ
m
1 (x
′)] = m2∂mδ(x− x′),
[ϕ01(x), ϕ
0
2(x
′)] = (2∂m∂
m − 3m2)δ(x− x′),
The others = 0.
(50)
The Hamiltonian is
H = H0 + λ0ϕ
0 + ∂nhmnϕ
m + (h0 − h
m
m)ϕ
0
1, (51)
where H0 is defined by
H0 = H0(m = 0) +
m2
2
(hmnh
mn − hmmh
n
n − 2hmh
m + 2h0h
m
m), (52)
and λ0 is an arbitrary coefficient. The Poisson brackets between the constraints and
Hamiltonian are
[ϕ0, H ] = 0,
[ϕm, H ] = 2ϕm1 ,
[ϕ01, H ] = −∂mϕ
m
1 +
m2
2
ϕ02,
[ϕm1 , H ] = ∂
mϕ01 +
1
2
∂n∂
nϕm +
1
2
∂m∂nϕ
n,
[ϕ02, H ] = ∂mϕ
m + 4ϕ01.
(53)
Equations (50) and (53) show that ϕ0 is a first-class constraint and the other con-
straints are of the second class.
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In order to make ϕ0 of the second class too, we impose the gauge-fixing condition
χ0
d
≡ h0 ≈ 0. (54)
For the total set of constraints ΦM
d
≡ (ϕA, χ0) with ϕ
A d≡ (ϕ0, ϕm, ϕ01, ϕ
m
1 , ϕ
0
2), we
have
Det
[
ΦM (x),ΦN(x′)
]
∝ 1. (55)
The resulting functional integral expression is, therefore,
Z =
∫
Dpi0DpimDpimnDh0DhmDhmnδ(ϕ
A)δ(χ0)
× exp i
∫
d4x
[
pi0h˙0 + pi
mh˙m + pi
mnh˙mn −H0
]
. (56)
5 Batalin-Fradkin extension
In this section, following BF, we convert the second-class constraints among (49) into
first-class ones. This is done by introducing a spin-1 auxiliary field (BF field) θµ and
its conjugate momentum ωµ to modify the constraints ϕA (49) and the Hamiltonian
H (51).
The modification of the constraints is easily carried out as follows:
ϕ˜0
d
≡ ϕ0 ≈ 0,
ϕ˜m
d
≡ ϕm − ωm ≈ 0,
ϕ˜01
d
≡ ϕ01 + ∂mω
m +m2θ0 ≈ 0,
ϕ˜m1
d
≡ ϕm1 +m
2θm ≈ 0,
ϕ˜02
d
≡ ϕ02 − 2∂
mθm + 3ω
0 ≈ 0.
(57)
In fact all Poisson brackets between them vanish:[
ϕ˜A(x), ϕ˜B(x′)
]
= 0. (58)
The next step is to construct a modified Hamiltonian H˜
H˜ = H +∆H(h, pi; θ, ω) (59)
that has vanishing Poisson brackets with all the constraints (57) and satisfies the
boundary condition
∆H(h, pi; 0, 0) = 0. (60)
The conditions
[
ϕ˜A, H
]
= 0 give the following equations:
−
∂∆H
∂h0
+ ∂m
∂∆H
∂pim
= 0, (61)
2ϕm1 −
∂∆H
∂hm
− ∂m
∂∆H
∂pi0
− ∂m
∂∆H
∂pikl
ηkl +
∂∆H
∂θm
= 0, (62)
8
−∂mϕ
m
1 +
m2
2
ϕ02 +
(
∂m∂
m −m2
) ∂∆H
∂pikl
ηkl − ∂m∂n
∂∆H
∂pimn
− ∂m
∂∆H
θm
+m2
∂∆H
∂ω0
= 0, (63)
∂mϕ01 +
1
2
∂n∂
nϕm +
1
2
∂m∂nϕ
n − ∂n
∂∆H
hmn
+ ∂m∂n
∂∆H
pin
+m2
∂∆H
pim
+m2
∂∆H
ωm
= 0, (64)
∂mϕ
m + 4ϕ01 −
∂∆H
hkl
ηkl + ∂m
∂∆H
pim
− 2∂m
∂∆H
ωm
− 3
∂∆H
θ0
= 0. (65)
These equations can be solved successively: Eqs. (62), (63), (64) and (65) determine
in what form ∆H contains the variables θm, ω
0, ωm and θ0 respectively; Eq. (61)
just tells that the variable h0 in ∆H is to be combined with the variable pi
m to the
form pim − ∂mh0. After some lengthy but straightforward calculations we can find
the solution satisfying all the conditions (60) and (61)− (65):
∆H = ϕm
[
−
1
3
(
1 +
2
m2
∂n∂
n
)
∂mθ0 −
1
2m2
∂n (∂nωm + ∂mωn)
]
+ϕ01
[
1
3
(
4 +
2
m2
∂m∂
m
)
θ0 +
1
m2
∂mω
m
]
+ϕm1
(
−2θm +
1
m2
∂mω
0
)
+ ϕ02
(
−
1
2
ω0
)
−
1
3
∂mθ0∂
mθ0 +
2
3
m2θ 20 + θ0∂mω
m −
1
8m2
(∂mωn − ∂nωm)
2
−m2θmθ
m −
3
4
ω02. (66)
If we introduce new variables
h˜0
d
≡ h0,
h˜m
d
≡ hm + θm −
1
m2
∂mω
0,
h˜mn
d
≡ hmn −
1
2m2
(∂mωn + ∂nωm)−
1
3
(
ηmn +
2
m2
∂m∂n
)
θ0,
p˜i0
d
≡ pi0 − ∂mθm +
1
m2
∂m∂
mω0,
p˜im
d
≡ pim −
(
ηmn +
1
m2
∂m∂n
)
ωn −
1
3
(
3 +
2
m2
∂n∂
n
)
∂mθ0,
p˜imn
d
≡ pimn − ηmn∂lθl +
(
ηmn +
1
m2
∂m∂n
)
ω0,
(67)
the modified constraints ϕ˜A and Hamiltonian H˜ have more transparent expressions.
These are what we have through the simple replacement of the variables (h, pi) by
(h˜, p˜i) in Eqs. (49) and (51):
ϕ˜A = ϕA
[
h, pi → h˜, p˜i
]
≈ 0, (68)
H˜ = H
[
h, pi → h˜, p˜i
]
. (69)
We thus constructed a first-class constrained system for a massive tensor field.
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6 Gauge-fixings
6.1 Unitary gauge
To eliminate the BF field, we impose the following gauge-fixing conditions χA
d
≡
(χ0, χm, χ10, χ1m, χ20):
χ0
d
≡ h0 ≈ 0,
χm
d
≡ θm ≈ 0,
χ10
d
≡ ω0 ≈ 0,
χ1m
d
≡ ωm ≈ 0,
χ20
d
≡ θ0 ≈ 0.
(70)
Then the path integral
Z =
∫
Dpi0DpimDpimnDh0DhmDhmnDω
0DωmDθ0Dθmδ(ϕ˜
A)δ(χA)
× exp i
∫
d4x
[
pi0h˙0 + pi
mh˙m + pi
mnh˙mn + ω
0θ˙0 + ω
mθ˙m − H˜
]
(71)
immediately reduces to (56). This shows that for a massive tensor field the original
system (48) is a gauge-fixed version of the extended system (68) and (69).
6.2 Massless-regular gauge
As the second gauge-fixing we impose
χ0
d
≡ h0 ≈ 0,
χm
d
≡ hm ≈ 0,
χ10
d
≡ pimm + 3ω
0 ≈ 0,
χ1m
d
≡ ∂nhmn −
1
2
∂mh
n
n ≈ 0,
χ20
d
≡ θ0 ≈ 0.
(72)
In this case the path integral is given by
Z =
∫
Dpi0DpimDpimnDh0DhmDhmnDω
0DωmDθ0Dθmδ(ϕ˜
A)δ(χA)
∏
t
DetM
× exp i
∫
d4x
[
pi0h˙0 + pi
mh˙m + pi
mnh˙mn + ω
0θ˙0 + ω
mθ˙m − H˜
]
, (73)
whereM is what is defined by Eq. (38). Carry out the integrations over h0, hm, pi
0, pim
and θ0. Do the following exponentiations
δ
(
∂m∂
mhnn − ∂
m∂nhmn −m
2hmm + ∂mω
m
)
=
∫
Dh0 exp i
∫
d4x
(
−∂mh0∂
mhnn + ∂
mh0∂
nhmn −m
2h0h
m
m + h0∂mω
m
)
,
(74)
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δ
(
∂npi
mn +m2θm
)
=
∫
Dhm exp i
∫
d4x
[
−pimn (∂mhn + ∂nhm) + 2m
2hmθ
m
]
,
(75)
δ (−2∂mθm) =
∫
Dλ0 exp i
∫
d4x (2∂mλ0θ
m) . (76)
And then integrate over ω0, pimn and θm. Write θ0 and θm over −
1
m2
λ0 and
1
2m2
ωm
respectively. The final result we arrive at is
Z =
∫
Dh0DhmDhmnDθ0Dθmδ
(
∂mhm −
1
2
h˙mm
)
δ
(
∂nhmn −
1
2
∂mh
n
n
)∏
t
DetM
× exp i
∫
d4x [L[h,m = 0] +R] , (77)
where
R
d
≡ −
m2
2
[
(hmn − ∂mθn − ∂nθm)
2
− (hmm − 2∂
mθm)
2
+ 2h0 (h
m
m − 2∂
mθm)− 2
(
hm − θ˙m − ∂mθ0
)2]
. (78)
When the mass m goes to zero, the fields θ0 and θm become redundant and the path
integral (77) tends to the expression obtained by setting fµ = 0 in Eq, (43). It has
turned out that the BF-extended theory of massive tensor field equipped with the
gauge-fixing conditions (72) does smoothly reduce to the massless tensor theory of
Coulomb-like gauge.
The expression (77) is not covariant. For the purpose of having a covariant
expression, it may be useful to rewrite Eq. (77) as
Z =
∫
DhµνDθµδ
(
∂nh0n −
1
2
∂0h
n
n
)
δ
(
∂nhmn −
1
2
∂mh
n
n
)∏
t
DetM
× exp i
∫
d4x
[
L[h,m = 0]−
m2
2
(
(hµν − ∂µθν − ∂νθµ)
2
−
(
hµµ − 2∂
µθµ
)2)
−2m2∂0θ0 (h
m
m − 2∂
mθm)
]
. (79)
In this expression the non-covariant factors are underlined, all of which turn out to
be related to gauge-fixings. To find a covariant expression by setting some suitable
gauge conditions is left to be solved.
7 Summary and discussion
We have applied BF algorithm to a massive tensor field theory. By introducing an
auxiliary vector field we have been able to convert the original second-class con-
strained system into a first-class one. Two gauge-fixings have been discussed: one
is what recovers the original massive theory; the other is the one that has a smooth
massless limit.
Our final expressions are still non-covariant. To find some suitable gauge-fixing
conditions that lead to covariant expressions remains to be solved. Furthermore,
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our formalism has been restricted to the linear free theory. To construct a complete
nonlinear theory such as smoothly reduces to general relativity in the massless limit
is another big problem.
Investigation in this direction seems to be useful for solving the infrared problem
in quantum gravity.
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